~"°T his paper analyzes the maturity structure of term premia using McCulloch's U.S. Treasury yield curve data from 1953-91, allowing expected returns-to vary across time. One-, three-, six-and twelve-month holding period i:et~hrns on maturities up to five years are projected on three ex ante variables~9 compute timevarying expected returns, and simulations are employed to evalu~;¢con~metrically nonstandard constraints. The likelihood of expected returns monOtOnically increasing in maturity (as implied by the liquidity preference hypothesis) is found to vary systematically across values of the ex ante variables and by holding period. Monotonicity is associated primarily with a steep yield curve, high interest rates, and longer holding periods, while the hypothesis that nonmonotonic (humpshaped) maturity-return profiles are correlated with the onset of recessions does not receive much support.
I. Introduction
The liquidity preference hypothesis (LPH) asserts ~hat expected returns on bonds of different maturity but equal default risk, over a given-length holding period, are monotonically increasing in maturity. The reasoning is that shorter maturity assets are more liquid (cetems paribus), having lower price volatility and transactions costs, and so compensate their holders partly in the form of nonpecuniary "monetary services."l It is a strong hypothesis finance theory does not generally i~npose restrictions on the Shape of the maturity-return relationship-but several authors have found empirical support for it.
The LPH is also an econometrically nonstandard hypothesis, as it involves multiple inequality constraints. Perhaps for this reason, in tests it has generally been simplified in two important ways. The first of these is to test a weaker version of the hypothesis, commonly whether expected returns on a given maturity bond are greater than on the oneperiod-less maturity bond. The second, from the expectations hypothesis of the term structure, is to assume in addition that expected holding period returns are constant across time. 2 These simplifications are restrictive, both theoretically and empirically. The LPH Constrains the full spectrum of maturities, and not just neighboring pairs. Empirically, average holding period returns on U.S. bonds frequently decline across three or more successive maturities, suggesting that expected returns may, as well.
Several results in theoretical and empirical finance cast doubt on the likelihood that expected returns are constant across time. Intertemporal CAPM-type models imply that the returns to bearing a given amount of risk should move with the marginal utility of consumption Or other state variables, and thus will generally fluctuate across time. On the 1 There are a number of definitions of the term liquidity. The one that most closely matches that incorporated in the LPH seems to be Keyne~'s. where an asset is more liquid if it is "more certainly realizable at short notice without loss" (1930, p. 67) . Lippmann and McCall (1986) and Hooker and Kohn (1995) provide measures of this concept of liquidity, and discuss how it relates to other definitions. 2 The "pure" expectations hypothesis asserts that term prem~a are all zero, This extreme version has almost no empirical support and is not commonly used. There are several closely related, but distinct versions of the expectations hypothesis and corresponding definitions of term premia; this version (expressed in terms of expected holding period returns) is the one most commonly analyzed in financial economics. I984), and longer holding periods because Amihud and Mendelson (e.g., 1986 ) and Fisher (1994) have argued that transactions costs have significant impacts on asset pricing relationships, which are exacerbated with short holding periods. The ex ante vai'iables are a volatility measure, the level of interest rates, and the slope of the yield curve.
The likelihood of expected returns monotonically increasing in maturity is found to vary systematically across values of the ex ante variables and across holding periods.
Monotonicity is associated with a steep yield curve and high interest rates. The correlation between nonmonotonic (hump-shaped) maturity-return profiles and the onset of recessions noted by Fama (1986) , Fama and Bliss (1987), and Stambaugh (1988) does not receive much support, while a strong tendency toward monotonicity with longer holding periods does.
The paper is organized as follows. Section II describes the data. Section III discusses the existing literature comparing time-varying returns across maturity, computes projections to generate expected return distributions, and performs simulations allowing for time variation in expected returns. Section IV concludes.
II. Data T
he data employed are McCulloch's (1990) yield curve estimates updated to early 1991 by McCulloch and Kwon (1993) . The principal benefit from using this data source is its wide and even coverage; monthly yields from 1953 through 1990 on maturities from one to sixty months, with no missing values, are analyzed. 5 Previous analysis using CRSP data lose several months to missing observations and have some controversial timing definitions as well. 6 An additional benefit is that the spline-smoothing procedure employed in the construction of the data may reduce measurement error and anomaIous bid/ask spreads that have sometlmes occurred and been the source of inference issues (cf.
McCulloch 1987). The drawback, of course, is that the observations are not on actually traded securities.
The data are given as continuously compounded yields tO maturity on pure discount bonds, observed at monthly intervals, and expressed as annual percentage rates. Denoting such a yield on an n-month bond in period t as Yn(t), its price if the bond pays $1 at maturity is obtained as
Holding period returns are associated with the maturity of the bon d at the time of purchase:
gives the Continuously compounded "c-month holding period return on an n-month bond purchased in month t. The return premium (synonomously referred to as the term premium and excess return) is defined as PZn(t) =-
Hrn{t) -H~(t):
One-, three-, six-, and twelve-month holding periods are analyzed. Return premia may be computed at maturities of two through 18 months for one-month returns;
four through 18 plus 21 and 24 months for three-month returns; seven through 18 plus 21, 24, 30, and 36 months for six-month returns; and 13 through 18 plus 21, 24, 30, 36, 48, and 60 months for 12-month returns. The term structures represent the afternoon of the last business day of the month, so as defined a premium PZn(t ) ~hould be orthogonal to period t observables under the null of constant term premia. 7 Tables 1 through 4 corrected for heteroscedasticity and overlapping observations, are used to compute t-
statistics.
The one-month, three-month, and six-month premia are on average monotonically increasing in maturity in the full sample. The 1964-72 subsampte has "wiggles" in the 6-month to 12-month range, and the 1973-82 subsample is hump-shaped; the returns in the latter case are not significantly different from zero beyond 7 months. The premia in the 1982-91 sample are strongly monotonic 9 and numerically much larger than in the other subsamples. Fama (1984) and Richardson, Richardson and Smith (1992) found similar results with CRSP data and one-month returns. The 12-month average premia are monotonic in al! samples; in the pre-1982 case they are numerically small and not significantly different from zero, while in the 1982-91 subsample they are again large and significant. If expected returns were constant across time, such differences across subsamples and holding periods would have to be explained by sampling error. Timevarying expected returns provide an alternative or supplemental explanation, which is explored in the next section.
III. The Maturity-Return Structure with Time-Varying Expected Returns
In recent years, a great deal of research in finance has attempted to identify a small number of state variables which proxy for the risks investors are paid to bear. These variables, and thus the underlying risks, are time-varying. Although this research program is far from settled, considerable evidence has been accumulating that returns on default-free bonds and other financial assets are predictable using ex ame values of several key variables. These variables include forward rates, variances and conditional variances of returns, spreads between risky and riskless short-term interest rates, measures of the slope of the yield curve, and the level of interest rates or othei" asset prices.
9 Hereafter, "monotonic" is used to mean "monotonically increasing in maturity,"
There are a variety of theoretical reasons for these variables' predictive content. Term structure models like that of Cox. Ingersoll and Ross (1985) 1971 -November 1972 , March 1975 -March 1978 , and July 1983 -July 1984 , periods that correspond roughly to recoveries and expansions, the ordering of predicted values from the regressions was B1/S0 < B3/S1 < B6/$3 < B 12/$6 (monotonic).
In the months December 1972 -February 1975 and April 1978 -June 1983 correspond to recessions and some months preceeding them, the ordering was B I/S0 < B3/S 1 < B6/$3 > B 12/$6 (hump-shaped).
Fama and Bliss (1987)*analyzed longer holding periods on longer maturity U.S. government bonds, namely one-year excess i'eturns on two-through five-year bonds. Like Fama (1986), they found that regressions of term premia on the corresponding forward premia yielded significant coefficients, although with somewhat lower R 2 values (between 0.05 *and 0.14). Since the coefficients were again near 1.0, they equate forward premia with expected return premia, which tend to be positive during expansions and negative before and during recessions. However, Fama and Bliss only informally compared term premia across the different maturity bonds. Stambaugh (1988) extracted latent factors from forward rates and used them to predict return premia. His Figure 3 (p. 65) plots point estimates for expected values of P12 -P6 and P6 -P2 (one-month holding period) from 1964 through 1986. While he argued that hump-shaped maturity-return profilesP12 < P6 > P2--obtain primarily when the economy is heading into a recession, the figure shows that during most of 1964-69, 7t-74, and 76-80 that shape is predicted as well. The shape P2 < P6 < P12 obtains only for a few_months, some of which are during expansions and .some during recessions.
Keim and Stambaugh (1986) predicted returns using three ex ante variables designed to roughly reflect levels of asset prices: the spread between low-grade corporate bonds .and one-month Treasury bills, the log of the ratio of the real S&P Composite Index to its average value over the previous 45 years, and the log of the share price, averaged equally across the quintile of smallest market value on the NYSE. They regressed returns on ten bond portfoIios, ranging from 6 months' to 20'years' maturity, on each of the ex ante variables separately. In each of the three sets of regressions, the coefficients on the regressor are nearly monotonically increasing in maturity, with a supplementary regression suggesting that they are reliably so.
In the regressions on the spread and on the S&P variable, the constant terms are monotonically decreasing in maturity, while those in the regressions on the smallest quintile variable are monotonically increasing in maturity. The spread variable is always positive, so the constant and regressor have opposing effects on term premia. When the spread is in its range observed over 1950-80, the predicted return structures can be upward sloping, flat, humped, or downward sloping. The intercept and regresior effects from the S&P equations reinforce each other to predict returns decreasing in maturity when the variable is above its historical average level (it is entered negatively). The constant and the regressor in the smallest quintile regressions have opposite effects when the variable is negative, and like effects, both predicting an increasing return structure, when it is positive. The adjusted R 2 valueg for the regressions are relatively low (ranging from a high of 0.045 to under 0.01), reflecting the high volatility of longer-term bond returns, and suggesting that many different return-maturity hypotheses might not be rejected by the data.
Campbell (t987) analyzed the ability of four ex ante variables--the one-month bilt rate, the two-month less the one-month bill rate, the six-month less the one-month bill rate, and a lagged excess return--to predict excess one-month returns on two-month bills, sixmonth bills, and ten-year bonds in multivariate regressions. The estimated coefficients on the constant, the second yield curve slope, and the lagged excess remm are monotonically decreasing, increasing, and increasing in maturity; many of them are significantly different from zero. Thus a variety of shapes for the maturity-return profile are possible. The R 2 values for the regressions range from 0.032 to 0.252. Engle, Ng and Rothschild (1990) ran the full Treasury bill range (one-month excess returns) on these same ex ante variables, and found similar results: the constant terms are nearly monotonically decreasing and the coefficients on the level Of interest rates ire monotonically increasing .in maturity.
However, the coefficients on the two yiel cl curve slope variables are negative and decreasing, and positive and increasing in maturity, respectively, suggesting that the shape of expected returns may depend upon somewhat subtle changes in the shape of the yield curve.
Engle, Ng, and RothsChild (1990) and Engle and Ng (1993) estimated a one-factor model for T-bill one-month excess returns where the factor is given by an equally weighted bill portfolio with changing excess return variance. They too found that the constant terms in the excess-return equations are decreasing in maturity (beyond 5 months), and that the factor betas are increasing in maturity. This has the implication that expected term premia will be increasing in maturity when volatility levels are high, but hump-shaped when volatility is average or low. They also found that the magnitudes of the term pr~mia are quite small unless volatility levels are high, and that factors other than the conditional variance of the weighted bill portfolio also contribute to expected term premla. (Three of Campbell's ex ante variables enter significantly in the factor-excess return equations.)
Finally, Klemkosky and Pilotte (1992) examined the predictability of one-month excess returns on two-month bills through twenty-year bonds over 1959-89. They used two ex ante variables, the change in the risk-free rate over the holding period, instrumented by the standard deviation of forward rates for the different maturities at t, and the level of interest rates. They found that the coefficients on the former variable increase in maturity and, at least for data before 1979, the coefficients on the level of interest rates decrease in maturity. They did not examine the implications for monotonicity or report R a values.T hese results from the time-varying returns literature are much less supportive of the LPH than are those in the constant returns literature, e.g. McCultoch (1987) or Richardson,
Richardson and Smith (1992) . In particular, many of the studies find values or combinations of ex ante variables which are associated with hump-shaped or downward sloping maturity structures, and several suggest that whether or not returns are monotonic may be a function of the state of the business cycle. In the next subsection, realized return premia from a Wide range of. sample periods, holding periods, and maturities in the M~Culloch data are regressed on three ex ante variables, and the results compared with those above. Simulations of time-varying return premia are then generated from these regressions, and used to assess the shape of the expected return-maturity profile under various conditions.
B. Return Premia Regressions
The ex ante variables used to predict excess returns throughout the analysis are a measure of volatility (the simple standard deviation of the 1-month yield scaled by its mean over the past 12 months), the yield on a 3-month Treasury bill, and the slope of the yield curve (defined as the 6-m0nth T-bill yield less the 3-month T-bill yield) in month t. This unconditional measure of volatility, rather than a conditional one, was used because it involves no out-of-sample information and for its ease of computation. The adjusted R 2 values are as high or higher than those reported in the papers discussed above, so it appears that these variables are capturing most of the information available for predicting return premia. Tables 5 through 8 present coefficient estimates and t-statistics for the regressions of different holding return premia on the ex ante variables. 1° Virtually all of the subsamples and holding periods generate similar patterns of coefficients across maturity: the constant terms are usually negative and decreasing in maturity, often significantly so and particularly with longer holding periods. The coefficients on the volatility variable are also mostly negative and monotonically decreasing; they are significantly negative in about one-fourth of the cases. The 3-month bill yield enters with positive, monotonically increasing coefficients which are strongly significant in the majority of cases. Finally, the coefficients on the slope of the yield curve are positive and monotonic, and significantly so in most cases. While the magnitudes differ across holding periods and subsamples, sometimes substantially, coefficients that do not fit these patterns are never statistically different from zero.
Perhaps the most surprising regression results are the negative coeffic_ients on the volatility variable. However, this is due to the scaling of the variable by its mean over the past year: both univariate and multivariate regressions with unscaled (and still unconditional) volatility measure yielded positive coefficients. Though the standard deviation is scaled by the interest rate level, this does not lead to much multicollinearity; the highest pairwise correlation with another ex anre variable in any subsample is about 0.40.
The regressions indicate that high interest rates are often significantly associated with return premia increasing in maturity. This is consistent with evidence found by Kesset (1965 ), Pesando (1975 ), Friedman (1979 ), McCulloch (1975 ), and Fama (1976 , and supports Kessel's opportunity-cost-of-money argument. It is contradictory to evidence presented by Nelson (1972 ), Van Home (1978 , and Klemkosky and Pilotte (1992) . An association between high interest rates and a monotonic return-maturity profile also does not fit the recession-timing observations of Fama, Bliss, and Stambaugh: interest rates are typically high before and during the early parts of recessions, when they argue that expected returns are hump-shaped.
The finding that coefficients on the slope of the yield curve are monotonically increasing and significant is consistent with much of the evidence discussed above. It is well-known that the yield curve is often inverted before and during recessions, and indeed this variable is near zero or negative and the term structure of returns is downward sloping While the coefficients vary across subsamples, Z 2 tests for whether the coefficients differ statistically between the full sample and any subsample do not reject at anywhere near conventional significance levels. Therefore, the coefficients from the full-sample estimation are used in all of the Simulation work in described in the next subsection.
C. Monte Carlo Evidence on Monotonicity with Time-Varying Returns
Time-varying expected return premia are generated with predicted values from (2), in stacked vectors of multiple observations and maturities: Xf
where/3 is a TxN vector of return premia, X is a matrix of T observations on the three ex ante variables plus a constant, and, is the vector of estimated coefficients (reported in
Tables 5A-SA), e.g., for one-month holding periods/~ = [f12 t33 "'" /~n]-]~ is assumed to be normally distributed around its point estimate with its estimated asymptotic variancecovariance matrix, 11 and X is treated as fixed in the simulations.
11 There is evidence that returns, and so expected returns, are fatter-tailed than Normal. This is partly accounted for by adjusting the varlance-covanance matrix of 1~ for heteroscedasticity.
Since each observation has different values of the ex ante variables which lead to different expected return premia and maturity-return patterns, R is generally not appropriate to compute averages across observations within a subsample. Instead, simulations are conducted with the ex ante variables set at particular values to assess the likelihood of different maturity-return profiles when the economy is in those representative states. Draws are smoothed 12 and then categorized as either monotonically increasing, humpshaped, or neither, with the definition for tile second being if any one of the "internal" average premiums exceeds both endpoints, e.g., P5 greater than both P2 and P18 in the one-month case.
The first set of simulations measures the preponderance of monotonic and humpshaped maturity-return profiles at a variety of combinations of the ex ante variables. Each is set equal to its mean, its 20th percentile observed value, and its 80th percentile value, giving 27 different combinations for each holding periods In each of these 27 x 4 cases, 1000 draws were taken. The results are tabulated in Tables 9-12. The frequency with which expected return premia display a monotonic or humpshaped pattern is seen to be closely tied to the values of the ex ante variables. Monc~tonicitỹ s associated primarily with a steep yield curve, and to a lesser degree with high interest rate levels. These are the main factors which distinguish the 1980s subsample, with its very strong ex post monotonic character (cf. Tables 1-4), t'rom the other subsamples. Longer holding periods also favor monotonicity. Hump-shaped maturity-return profiles are associated primarily with flat or inverted yield curves, and the level of (scaled) volatility plays a minor r01e. The results with twelve-month holding periods are stark--there are many 0% and 100% entries. This is primarily caused by the much smaller variance of the expected returns, which is illustrated by the narrow confidence intervals shown in Figure 4 and discussed below.
The second set of simulations essentially puts confidence intervals on point estimates of expected return premia for a few selected maturities like those plotted in Stambaugh's (I988) Figure 3 . One thousand draws of expected premia were taken, using the full set of T observations, for the shortest, the longest, and one-half the longest available maturity for ,pl, 1 1 {p43, 3 3 {p76, 6 6 t2 1:2 12 each holding period: l 2 P9, P18}; P12, P24}, Pig, P36 }~ and {P13, P30' P60}"
The draws were then sorted, and the 5th and 95th percentiles plotted in Figures 1-4 .
In all cases, expected premia at the shortest maturity are small, usually positive, and relatively certain--the 5th and 95th percentiles nearly coincide. In the one-month, threemonth, and six-month holding period cases, the greater uncertainty at longer maturities is evident, with the 90% confidence interval for the longest maturity bracketing the other two in 30-40% of the data observations. The confidence intervals also all show positively sloped trends: a salient feature with all four holding periods is that expected returns have gotten larger and more monotonic over time, at least up through the early 1980s.
The association between monotonic and hump-shaped patterns and the business cycle The final set of simulations addresses the business cycle correlation more directly.
Here draws are taken using observations that are within 6 months of a business cycle peak (e.g. February !990 through January 1991), and the percentage of the 1000 x 13 months that are monotonic and hump-shaped are tabulated. The percentages are 24.0%, 34.1%, 49.8%, and 75.6% monotonic (ordered with holding period increasing), while 46.3%, 36.4%, 25.0%, and 13.4% were hump-shaped. The largest percentage of hump-shaped is in the one-month case, and again, holding period seems to be the dominant factol. The strong influence of holding period may reflect the importance of transactions costs, as argued by Amihud and Mendelson (1986) , McCulloch (1987), and Fisher (1994) , which suggests that the longer holding period cases which favor monotonicity most of the time--should be given the greatest weight.
V. Summary and Conclusions
This paper has analyzed the maturity structure of term premia using McCulloch' s U.S.
Treasury yield curve data, simulating the distribution of time-varying expected returns from projections of observed returns on three ex ante predictor variables: interest rate volatility (scaled by the level of the interest rate), the level of interest rates, and the slope of the yield curve. The simulation methodology allows econometrically nonstandard hypotheses like the multiple inequality constraints of the LPH to be evaluated. Selected maturities, t-statistics, corrected for heteroscedasticity, in parentheses. The dependent variable P~ is the holding period return from buying a q-month bill at t and selling it as a z-1 month bill at t+t, less the return on the one-month bill, expressed at annual rates. Volatility is the sample standard deviation of one-month yield from t-12 to t-1 divided by the mean level over those months; interest rate is the month t yield on the three month bill, and the slope of the yield curve is the six-month yield at t less the three month yield at t. R 2 is adjusted. Selected maturities, t-statistics, corrected for heteroscedasticity and overlapping data observations, in parentheses. The dependent variable P~ is the holding period return from buying a z-month bill at t and selling it as a z-12 month bill at t+12, less the return on the twelve-month bill. See table 5 for explanatory variable definitions. R 2 is adjusted. 
